Background {#Sec1}
==========

Diabetes mellitus (DM) is an important public health problem in view of there is a tremendous increment in diabetes prevalence for the past two decades. In 20 years (1986 to 2006), the prevalence of DM has doubled from 6 to 12% \[[@CR1]\]. Diabetes also has a high mortality and morbidity \[[@CR2]\]. However the control rate among patients with DM in Malaysia is still inadequate \[[@CR3]\].

Diabetes empowerment is a process of self-care of their diabetic condition. Patient with good empowerment has shown to have better health outcome \[[@CR4], [@CR5]\]. Thus, diabetes empowerment is considered a core component of diabetes care \[[@CR6], [@CR7]\]. Diabetes empowerment is integrated into healthcare system, which it involves educational intervention to increase one's ability to think cautiously in the process of gain control over their diabetic condition subsequently improve their health-related outcomes \[[@CR8]\]. Empowerment increases patients capacity to help themselves in their diabetes care \[[@CR9]\], particularly to improve compliance rate of patients in practicing healthy lifestyle and medication uptake \[[@CR10], [@CR11]\]. Studies have shown patients who are involved in decisions regarding their care and management have better outcomes compared to those who are not \[[@CR12], [@CR13]\]. Furthermore, those patients who succeed in self-empowered will motivate other patients with diabetes in achieving a better glucose control \[[@CR14], [@CR15]\].

Diabetes Empowerment Scale (DES) has been developed as a tool to assess the self-empowerment \[[@CR16]\]. Other than DES, there are another two instruments which are Diabetes Self-Management Questionnaire (DSMQ) \[[@CR17]\] and Summary of diabetes self-care activities measure (SDSCA) \[[@CR18], [@CR19]\]. DSMQ is a 16-items questionnaire developed by Schmitt et al., 2013, to assess behaviors associated with metabolic control within common treatment regimens for type 1 and type 2 diabetes in adult patients. Validation of DSMQ showed it is reliable instrument with Cronbach's alpha value of 0.84 (0.77 for subscale glucose management; 0.77 for dietary control; 0.76 for physical activity; and 0.57 for health care use). This questionnaire was performed among in-patient at a tertiary referral centres for diabetes, which the patients were having problems of diabetes treatment and poor glycaemic control with relatively long average diabetes duration and high prevalence of late complications. It is therefore the validation results couldn't be generalized among the general diabetic population \[[@CR17]\]. SDSCA is an 11-items questionnaire developed by Toobert et al., 1994 \[[@CR18]\], later revised by Toobert et al., 2000 \[[@CR19]\], assessing the following aspects of the diabetes regimen: general diet, specific diet, exercise, blood-glucose testing, foot care, and smoking. The average inter-item correlations within scales were high (mean = 0.47), with the exception of specific diet; test-retest correlations were moderate (mean = 0.40). Correlations with other measures of diet and exercise generally supported the validity of the SDSCA subscales (mean = 0.23) \[[@CR18], [@CR19]\]. Many translations of the SDSCA have been validated such as Spanish \[[@CR4]\], German \[[@CR20]\], Arabic \[[@CR21]\], Turkish \[[@CR22]\], Korean \[[@CR23]\] including Malay \[[@CR24]\]. The validated SDSCA in malay version by Bujang et al. (2016), reported that the cronbach's alpha for the main domains based on the fieldwork were between 0.651 and 0.905 \[[@CR24]\].

We chose DES for our study as the DES-28 questionnaire has the highest Cronbach's alpha value compared to other scales (Cronbach's alpha = 0.96) which is a good internal consistency \[[@CR16]\]. The Cronbach's alpha of each subscale was 0.93 for "managing the psycho-social aspects of diabetes"; 0.81 for "assessing dissatisfaction and readiness to change"; and 0.91 for "setting and achieving diabetes goals" \[[@CR16]\]. On top of that, DES scale is designed specifically to measure the empowerment of the patient with diabetes. To the best of researcher knowledge, a validated empowerment questionnaire in local setting is unprecedented. This study aimed to translate the DES into the Malay language and to study the psychometric properties of the Malay version of the DES-M to facilitate its use for further research in the local setting.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

This was a cross-sectional study, in which the data was collected from self-administered questionnaire that was distributed to patients with Type 2 diabetes mellitus in Hospital Serdang.

Procedure {#Sec4}
---------

### Stage 1 {#Sec5}

The authors obtained the permission to use the English version of the DES-28 from Michigan Diabetes Research Center \[[@CR16]\]. Translation from English to Malay was performed by a bilingual language expert and a back translation was performed by another bilingual language expert who is not to aware of the concept of the questionnaire. The process of translation and adaptation of instrument of this study followed World Health Organization guidelines \[[@CR25]\]. Discrepancies between the original and the back translation was discussed, and adjustments are made accordingly. A final version of translated DES, which we called as draft of DES-M was generated by an expert panel composed of one psychologist and three senior family physicians, all of whom were qualified professionals regarding use of psychometric instruments and all of whom had clinical experience with management of diabetes.

### Stage 2 {#Sec6}

The final version of DES-M was distributed among 201 Type 2 diabetes mellitus patients in Hospital Serdang after receiving a full explanation of the nature and confidentiality of the study and a written consent. The first draft of DES-M was tested by pilot study among 22 type 2 diabetic patients in Hospital Serdang to identify any flaws in the questionnaire. Any words that the patients did not understand or considered inappropriate and remarks from the patients was noted and corrected. The finalized version of DES-M was further reviewed by the before-mentioned specialists.

### Stage 3 {#Sec7}

The final version of DES-M was distributed among 151 type 2 diabetic patients in Hospital Serdang after receiving a full explanation of the nature and confidentiality of the study and a written informed consent. Patients personal and socio-demographic data, other comorbidities (hypertension asthma, dyslipidemia, ischaemic heart disease), smoking status, and diabetes education experience were taken. The non-response rate was 25%. Other than the DES-M (Table [1](#Tab1){ref-type="table"}), the Diabetes Quality of Life Questionnaire (DQOL) for Adults and Summary of Diabetes Self Care Activities Questionnaire (SDSCA) was distributed to the respondents to test the predictive validity and convergent validity, respectively. Table 1Socio-demographic and characteristics of study participants (*N* = 151)CharacteristicsN (%)Gender Male100 (66.2) Female51 (33.8)Ethnicity Malays93 (61.6) Chinese18 (11.9) Indians37 (24.5) Others3 (2.0)Education Status Secondary education and below97 (64.2) Tertiary education54 (35.8)Marital status Single13 (8.6) Married138 (91.4)Hypertension Yes116 (76.8) No35 (23.2)Asthma Yes16 (10.6) No135 (89.4)Dyslipidaemia Yes91 (60.3) No60 (39.7)Ischaemic geart disease Yes50 (33.1) No101 (66.9)Smoking status Yes19 (12.6) No132 (87.4)Diabetes education Yes51 (33.8) No100 (66.2)

Instruments {#Sec8}
-----------

The DES is a 28-item self-reported scale used to measure the psychosocial self-efficacy of diabetic patients. It consists of subscales reflecting three domains; managing psychosocial aspects of diabetes(9 items), assessing dissatisfaction and readiness to change (9 items), and setting and achieving diabetic goals (10 items) \[[@CR16]\]. The score of each item will range from 1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), making a minimum score of 28 and the maximum score of 140. This range of score can be classified further into 3 groups: low empowerment group (28--65 score), medium empowerment group (66--103 score) and high empowerment group (104--140).

Diabetes Quality of Life (DQOL) Questionnaire is used to assess the quality of life for adults with diabetes \[[@CR26]\]. This questionnaire consists of 46 questions in reflecting four sections. Section 1: This section is designed to test the patient's satisfaction toward the life as a diabetic patient. This section consists of 15 questions. Section 2: This section consists of questions that will access the diabetes impacts on the patient's social and daily life. This section consists of 20 questions. Section 3: This section consists of 11 questions that are divided into 2 parts. The first part includes the first 7 questions to access the patient's worry towards social and vocational problems related to diabetes. Part 2 includes the remaining 4 questions to access the patient's worry towards other diabetes related problems. It is a self-administered Likert type scale where 1 = very satisfied to 5 = very dissatisfied.

The Summary of Self-Care Diabetes Activities (SDSCA) questionnaire \[[@CR19]\] is a self-reported scale that explores the levels of self-care among patients with diabetes over the past 7 days. The original questionnaire has 12 items which has been revised to 11 items later on. Patients were instructed to choose between 0 and 7 indicating days of diabetic specific behavior with higher scores indicating better performances of self-care activities. The score of each item will range from 1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), making a minimum score of 28 and the maximum score of 140.

Statistical analysis {#Sec9}
--------------------

The information from the questionnaire was collected and filled into master sheet using the Statistical Package for Social Science (SPSS) version 22. First, the suitability of the DES-M data for factor analysis was verified by using the Bartlett's test of sphericity and the Kaiser-Mayer-Olkin measure of sampling adequacy. Second, parallel analysis was performed to obtain the suitable factors. Construct validity was investigated by exploratory factorial analysis (EFA) with varimax rotation. A factor loading of \> 0.40 was used to determine the items for each factor. Third, PLS (partial least square) method using SMART-PLS 2 \[[@CR27]\] was used for construct validity. Assessment of reflective measurement models includes some indicators such as composite reliability (CR), average variance extracted (AVE) and Cronbach's alpha (α). Fourth, the Fornell-Larcker criterion \[[@CR28]\] and cross loadings were used to assess discriminant validity. Fifth, all the unreliable observed indicator variables were removed from a measurement model that offers a poor fit to the data. Pearson correlation test was used to look for any relationship between these 2 questionnaires (DES and SDSCA), we performed a multiple linear regression analysis to examine predictive validity using the DQOL as dependent variable and the DES-M as independent variable.

Results {#Sec10}
=======

The non-response rate was 25% and all of them did not give consent to join the study due to time constraint. In the end, a total of 151 diabetes patients were recruited into the analysis. Table [1](#Tab1){ref-type="table"} shows the demographic and medical background. Overall, the mean age was approximately 55 ± 13 years. More than half of the participants were male (66.2%) and two third were Malay ethnicity (61.6%). Majority of them married (92%) and received education at least secondary school and above (82.2%). More than half of the study participants have underlying hypertension (76.8%) and dyslipidaemia (60.3%). The mean duration of diabetes was 11 ± 9.43. On average, two third of the participants (66.2%) had not received any form of diabetes education program.

Reliability and validity of DES-M {#Sec11}
---------------------------------

While the confirmatory factorial analysis (CFA) were performed, 42% of the items were dropped due to low loading factors and convergent validity (Fig. [1](#Fig1){ref-type="fig"}) and Table 7 in [Appendix](#Sec19){ref-type="sec"}. Therefore, EFA was conducted in order to find out the probable different pattern among items in the DES-M. The Bartlett's test of sphericity was significant (*p* \< 0.01) and the Kaiser-Mayer-Olkin measure of sampling adequacy for the DES-M was 0.76 indicating middling \[[@CR29]\] and that factor analysis was appropriate. Using parallel analysis, this study obtained a four-factor model of the DES-M in 151 patients with diabetes mellitus (Fig. [2](#Fig2){ref-type="fig"}.) The four factors (Table [2](#Tab2){ref-type="table"}.) which corresponded to the DES-M subscales referred to as "COMP 1", "COMP 2", "COMP 3", "COMP 4". Items with low loading and cross-loading were removed, resulting only 20 items left (Fig. [3](#Fig3){ref-type="fig"}.). Fig. 1Confirmatory Factorial Analysis (CFA) in Three-factor modelFig. 2Parallel analysisTable 2Exploratory Factorial Analysis of DES-MComponentItemCOMP1COMP 2COMP 3COMP 4D250.800D230.757D240.629D280.623D270.517D200.508D120.752D110.584D130.548D160.492D150.463D180.461DS10.400D19 ^a^0.397D10 ^a^0.393D17 ^a^0.368D14 ^a^0.3290.319D60.764D50.610D260.541D70.540D9 ^b^0.4600.468D80.466D220.440D210.430D30.430D2 ^a^0.275D4 ^a^0.158Extraction Method: Exploratory factor analysisRotation Method: Promax with Kaiser Normalization^a^Deleted due to low loading factor^b^deleted due to cross-loadingFig. 3Exploratory Factorial Analysis of DES-M

Convergent validity and construct reliability {#Sec12}
---------------------------------------------

Table [3](#Tab3){ref-type="table"} showed the all items had an outer loading above 0.5 which were above the threshold. These results revealed that critical ratio (CR) was 0.81 to 0.88. In addition, in this study, Average Variance Extracted (AVE) for all the subscales was above 0.5. Cronbach's alpha, which provides an estimate of the reliability based on the inter-correlations of the observed indicator variables also was more than threshold (0.5). Thus, the results proved that convergent validity and construct reliability existed for the constructs of this study. Table 3Results Summary for Measurement Model of DES-M (Convergent Validity)Cronbach's AlphaComposite ReliabilityAverage Variance Extracted (AVE)COMP10.8370.880.554COMP20.7650.8330.417COMP30.7530.8320.500COMP40.6490.8130.604*AVE* Average variance extracted, *CR* Composite reliability

The DES-M exhibited good internal consistency; Cronbach's alpha coefficient for the total scale was 0.86, and the respective coefficients for the four factors were 0.83 for COMP1, 0.77 for COMP 2, 0.77 for COMP 3 and 0.60 for COMP 4.

Discriminant validity {#Sec13}
---------------------

Based on Table [4](#Tab4){ref-type="table"}, AVE for each construct is more than each of the squared correlation between constructs. Therefore, discriminant validity is adequate for all the constructs \[[@CR28], [@CR30]\]. the correlations between the latent variables ranged from 0.474 to 0.744, which were below the threshold 0.8, the squared correlations were less than the square root of the AVE by the indicators, hence, discriminant validity was established in this model \[[@CR31]\]. Table 4Correlation of latent variables and discriminant Validity of DES-MCOMP1COMP2COMP3COMP4COMP1**0.744**COMP20.586**0.765**COMP30.5270.567**0.707**COMP40.4970.5240.474**0.777**Bold number = square root of the average variance extracted (AVE)

Concurrent validity {#Sec14}
-------------------

The SDSDQ was used to evaluate the convergent validity of the DES in the present sample (Table [5](#Tab5){ref-type="table"}). Correlation results indicated that there is a positive correlation between the DES-M and SDSDQ (*r* = 0.313, *p* = 0.012), thereby establishing concurrent validity. Table 5Pearson's Correlation for Concurrent Validity of DES-M with SDSDQCorrelationsTotal DESTotal Score SDSDQTotal DESPearson Correlation1.313^\*^Sig. (2-tailed).012Total Score SDSDQPearson Correlation.313^\*^1Sig. (2-tailed).012

Predictive validity {#Sec15}
-------------------

In regard to predictive validity, the multiple regression analysis exhibited DES-M was statistically significant positive predictors for DQOL (B = 0.298, *p* \< 0.001). DES-M total score accounted for 8.9% of the variance in patients' quality of life score, F = 14.56, *p* \< 0.05 (Table [6](#Tab6){ref-type="table"}). Table 6Multiple Regression Analysis for Prediction of Diabetes Quality of LifeVariableRR^2^Fd*fB*tpTolerance*VIF*Total DQOL score0.2980.08914.55610.2983.8150.0001.001.00

Discussion {#Sec16}
==========

This study examined the internal consistency, concurrent and predictive validity of DES-M. The findings from this study indicate that the DES-M is a reliable and valid instrument for assessing diabetes empowerment in Malay-speaking population.

In this study, the DES-M exhibited a good internal consistency; Cronbach's alpha coefficient for the total was 0.92, and the respective coefficients for the four sub-scales were 0.84, 0.75, 0.79 and 0.65. This is consistent with the findings with other studies such as the internal consistency of Sweden version of DES (Swe-DES-23) was 0.91 \[[@CR32]\]; Iranian version of DES (IR-DES-28) was 0.89 \[[@CR33]\] and Chinese version of DES (C-DES-20) was 0.86 \[[@CR34]\]. To date, this is the first study of its kind related to Diabetes Empowerment scale in Malaysia and it shows that the DES-M is as good as Cronbach's alpha coefficient as the English version and also others translated version of DES.

Criterion validity is used to determine how well of one measure in predicting the outcome for another measure. It can be classified into concurrent validity and predictive validity. Concurrent validity is defined as whether it measures what it is supposed to measure based on a well-established test. Concurrent validity was demonstrated by DES-M score positive correlated significantly to SDSCA (*r* = 0.313, *p* = 0.012), this result is coherent to Majouri et al., 2012, which IR-DES-28 was positively correlated to Diabetes attitude scale-33 (DAS-33)(*r* = 0.42, *p* \< 0.01) \[[@CR33]\].

Predictive validity is defined as the ability of an instrument in predicting the future health status of the participants and this appeared to be a better indicator for health-related outcome. Predictive validity was tested by using multiple regression linear regression, the result shows DES-M score could predict DQOL (B = 0.298, *p* \< 0.001). Discriminant or divergent validity is defined as those items within any one subscale that highly distinctive with external items of another subscale \[[@CR35]\]. Discriminant validity showed adequate correlations ranged from 0.257--0.744.

Strength and limitations {#Sec17}
------------------------

To date, this is the first study on validating of DES-M in Malaysia which could assist future research to measure patient's empowerment to improve the management and treatment towards diabetes. In addition, majority Malaysian are of Malay ethnic. Hence, this version of the questionnaire can help to fit in Malaysia's setting and decrease misinterpretation of the questionnaire caused by language. There were a few limitations. First, this study was conducted in Hospital Serdang only without using randomisation. Thus, this study population cannot be generalized to all diabetic patients in Malaysia due to limitation on selection of sampling method. Besides that, the sample size of this study was conducted in slightly small sample size (*n* = 151) however acquiring more data does not necessary lead to more information and to data, there is no gold standard to get the sufficient sample size for the validation study as literature have included patients based on "subject to item" ratio a posteriori from 5 to 20 \[[@CR35]\]. The convergent validity using SDSCA showed a weak to moderate correlation, therefore we need to interpret the result cautiously.

Conclusions {#Sec18}
===========

This study developed the Diabetes empowerment scale for diabetes patient among Malaysian population. This study also provide evidence that the DES-M is a valid and reliable, self-administered tool to measure self-empowerment among patient with diabetes.

Appendix {#Sec19}
========

Table 7Confirmatory Factorial Analysis (CFA) in Three-factor modelDomainItemOuter loadingCronbach's AlphaComposite ReliabilityAverage Variance Extracted (AVE)Initial modelModified modelSetting and achieving diabetesD50.49Deleted0.8050.8610.508D60.512DeletedD100.524DeletedD110.529DeletedD130.590.689D140.6080.648D70.6780.691D120.7170.761D80.7230.718D90.7630.763Assessing dissatisfaction and readiness to changeD40.021Deleted0.6810.8060.513D20.093DeletedD30.312DeletedD170.42DeletedD190.523DeletedDES10.5930.576D280.6170.709D150.7540.778D160.7540.783Managing the psychosocialD260.532Deleted0.8060.8620.513D210.534DeletedD220.548DeletedD180.5550.597D200.6460.684D270.6580.635D240.7110.743D230.7390.786D250.7580.825

AVE

:   Average variance extracted

CFA

:   Confirmatory factor analysis

CR

:   Critical ratio

DES-M

:   Diabetes empowerment scale malay version

DQOL

:   Diabetes quality of life for adults

EFA

:   Exploratory factor analysis

SDSCA

:   Summary of diabetes self care activities questionnaire
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